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exlek, Sve s
1. 4 gradient deposited reflection filter.

2. A gradient exposed photographiec f£ilter.
2. & wariable thickness colored filter glass.

]
ot

4, A eell congisling of two (2) piaces of glass
with a wariable void betweea them, that i{s £ille)
with a liquid costaining a dye that would absorb
iight at rate equivalent to the ligquid'y wvarying
thickness.

The fourth method was gelected as a parallel ei'fort with the first two
iinted above. For the yemainder of this mewo, this meihod will be referred to
a8 the Liquid Spatial Fliter.

Sefore attempting the fabrication of the Ligquid Spatial Vilter, a number
of parameters and their toleranees were considered to determime the feasibility
znd practicality of attempting such 2 design.

The first consideration wouxld be that of phase shif’t. This phase shift
would be caused by the diffevence in index of refraction hetween the glass and
liquid. The disgrem fn Pigure 2 snd the equations accompisiying this diagram
Illugtrate the permissible index-cf-refraction mismateh bo(ween the glnss and
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Pigure 2. i
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AP = Path Length Differcence ) <

seieciiog © = 104
2 = thickaess of cell
’ ‘iﬁ"! b icEl?‘iﬁ 1(‘})_}" = 903?{_‘;’;{,‘
= thicknese of liquid

1.822 . » 7, L.518

#, = yefractive index of glass = 1,513
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2pACIA)N Prejects

Ihe tolclmess, t = 10u , wag salected since 2 mismsich of refractive indem
of .01 was agsumed after comsulrimg varfcus hendbooks and the temperaturs
zonpidevations outlined below. 10uywas algo deemad the minimmm veasonable
chickna: that could be fabricated by the Opitical Facility without extreme
axpense, Also, the £illinmg of this "hole"” had to be considered and 10.was
judged th minimwm acceptable dimensfon. 104acan be measured sasily and the
securacy twasible was 1%. Thus, 104 <.01 i3 svailable with woderste ease

and a £.01, difference i3 insignificant.

the 22xt consideration was change of refractive index of the ligquid
with change ‘n temperature(3). It was determined that:

) &, 2
a8 :\\;5 6n

where

w = refractive index
B = coefficient of cubieal expansica

= 60,3 % 10°3/%F for ¥ethyl Benzcate calculated
from data in 4lst Edition Handbock of Chemistry

«nel Physics and uweing density information and
gquationg P (43

ig
g

90 = change of index of refraction with change
@9 of tempersture.

it should be noted that this equation is a good approximation to determine
order of magnitude.

-5 L4 2
dn . 40,3 x 10 (1,515) _+ (1,515)" - 2
B T by 6 (1.515)
= 24,95 x 10°0
d

=&
-001 chonge in index = 10210 o 49
| ChrnEe In Index T omes xqome T Y
ghug, a -4:49? temperature shift would shift the index of refraction ioﬂt}le The
ﬁhgnga of index of refraction with change in temperature fur the glass was cal-
enlated and found insignificant compared to that of the 1iguid and, therefore,
wes fgnored.

) Thusfar, our calculated values and tolerances appesred reasonsble. We
had twc wore calculations and one measurewent to make. Yaing the sag formmla:
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we aolved for R, the radlus of curvature by settinmg,

gﬁ where r is the clear aperture
2R and &5 = 104

L+

4 x 10

LO

The next calcula?ion was using Feer's law:
a1
I-%e

vhere I, = incident flux, I, the flux passing through 2 thickness, t, of a
waterial vhoge rbsorbtion coeffivient isct. . For simplicity, I, was set equal

to 1, € = 104 . T = .04 which is the estimated detectivity of the limiting spatial
“requency, whica is 200 */mm, und <<, was solved for, Under these conditions, -
= 321/mm, '

L1 MEASUREMENES

From tin above calculaiions, it was obvious that the liquid of index
1,515 #.003 woald have o be made aufficiently opnque so that a 10, thickeess
would tramemi! only 4% of the imcident light of wivelength .6328,/. Since this
is a red ligh', a blue dyec wauy selected as an absorption medium. The change of
refractive iuiex due to the sddition of the dye way not takem into congideration
at this time aince chemleal nources stated that a dye would not change the index
of refrasecticr signifiecantly, _ -

At thls point, two liquids had been selecteds

®p/20°  :3z%,6328/20°

Bty fennosare - 1.5054 1,505
¥thyl Benzoate 1.5167 1.516

it had beer datermined:cs)
ny ¢ uy + ny ° ug
1600

Y,

where a3 = index of first fluid, ny = index of second fluid;
vy = volume of first fluid, uy =~ volume of second fluid.
3 = pew index due to the mimiture of the two fluids.

Prom the above il is apparent that a perfect glass-fluid index of refraction

wardl 18 possibla. Thus, if the glass-fluid index of refraction match is

weieet, and the zell 1s used in a room where the temperature fluctuation is

rot more than £29%7, the t (thickness of £luid) can be as high as 60.. %his

is sigunificant gjince we had no idea of the solubility of the blue dye in

thes : this point, we made abgovbance measurements using a STAT
Spectrometer,
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Mathyl B@:@?oate had l4g/liter of the x\cza&aﬁe Blue dye added and the
following data was recordeds .

IRANGMITUANCE  ABSOREENECE NO,

Sacell 2.2% 1,921
{ ma call with sample 1.52

3!1 o 82&'
diluted 1340

W these measucemsnts, the 50, cell thickness was questioned, and yipee it
» not parallel, it could vot be oergured using & grating spectromec

refiore, the following cmmxl&ti@m were made o d@t@mm& the final iy
pontration of the fluid.

Since the absorbemez wumber:n cbtained wera at a 50 uecell thickness, Ny

¥ awsding these numbers (i.e., 1.92) and 1.824) by 5. the absorbence number f.

10 thickness will ba determived. Frow the precisnion teble fo
Conversion of Absorbence 1o Tramsmittence the transmiffance of the 10.uthick
8 can be determimed. 'Yhis table is helpful since absorbence is a linear

‘\ 8y 1, 82&
Thus .

UGANSMITTAWGE  ABSORBENCE WO,

Wan C o oal.zn L3840

' 4 ‘ 43, 3%, <365 .

Then, by dividisg the mew absorbence mmbars {i.e., 0,384 and 0.3565)

iake the d@aimﬁ ghgorbence vuamber 1,398 « 4% transmittance, the muitiplicazivp
wetor will be detorwined for what dye concentraiion is meeded to abtain 4%

trapemitiancs.
S.6% . - 3.83
334 1,598 -35% 51.398
o the present concemtration of 14 g/licer would have to be imecressed by
?’ a% e 3083:\

i4 g/itter © 3.6& = 51 p/liter
14 plliter © 3.83 = 53.6 g/liter

¥m solubility did not seem excessive since the 14 g/liter comcentration was
2asily mived.
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i¢ PABRICATION AND PRACTICAL, 1'XPERTENCE

A £ilter vag fabriecatrd using a 104 thickness in order to test out our
calcviations ani determine wmy further information. Thus, Methyl Benzoate with
index 1.516 was wsed and, sllowing for temperature, the 10« thickness was the
bert seloction. At this wiiting, test been made and the acetate blue dye

STAT Wi base, #43300, solubility has been a problem for
the 104¢ thickness. Howsver, Malachife Green diluted in water seems to sclve
the prob em nicely without solubility problems since a concentration of 2-3
gf/liter 8 ali that is recessary to obtain the desired transmittance. Methyl
3enzoate was [n short yapply so wat:r was used, but subsequent tests indicated
vhat 2-7 g/liter comcertration of ¥alachite Grerm in Methyl Benzoate is easily
vbtaiw/le. C(ur main >roblem is §1lling technijues. Note the accompanying
drawin,a and the two widgen oppseilte each other on the flat. These are rrovided
for f£i/ling and vent purposer. The original {dea was to optically contact the
€lat md the ccacave olemer: as noted in 581-0062, The reason for opticaily
contstiing wer that ir wes considered the besl method available to contain the
1dquid, Then, using a w-ter aspirator or vacium pump to reduce the pressure in
tha carlty; the abarciiug fluid would be injected by means of a hypodermic
syvive. %lis method tas not successful. The main problems that hampered us

' vere inguff.cient vacurn, air bubbles in the £luid, trapped air while £filling

I inef:quate agcaling ~< Ihe ridges, and air leskhing in through the ridges after’fiin
149 . The next ,,-éa;iﬁpd sttempted was an imworaion method. We used two pieces of
plre glass ur (Aluscrated in the dlagram below. The main difference was the
ssganaion hole

e modiied  581-12710

-

) F

L b

;;;Zf-::: ?t the end of the ridges to allow for bubbles. These pieces were

vell vas r: the absorbing fluid and brought in contact while immersed. The
viacen weremgveg from the fluid, dried, and placed in a clamp. Then, the two
ippeared nod :!;ded msi:lg black hysol. This was successful except vapor bubbles
wore olimimatos bnot aivays find their way to the expansion hole. These bubbles
buiy, ey ;frlgenﬂ.y heating the cell for a few hours with a 100 watt light
the cell woe fi:l duid and glase was at or 8lightly above room temperature when
Af the fluig soa ed, it is felt that this vapor bubble problem could be eliminared
e 18ty ne glaaa temperature was somewhat lower than the temperature at
colminsl ¥ ..1 be wsed (when £illing the cell). At this point, the project was

encountered in ag,5i® 2tk coat of fabrication of the cell and the difficultiee

: el

¥ CONGLUSION

Eiblies b

Thus. a high performance liquid spaey o
was deemed difficult, han been fabrieatgd T fliter,, vhich at f1xst constderation
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